Abstract -A n area of recent, active investigation i n our laboratories ETEG the use of monofunctional boron halides as reagents for organic synthesis. W e have found diaryl-and diakylboron bromides (Ph2BBr and Me2BBr) t o be extremely useful for a variety of chemical transformations. The scope, synthetic u t i l i t y and limitations of dimethylboron bromide and other dialkylboron halide reagents will be presented.
INTRODUCTION
The search f o r new synthetic methodology i s a constant preoccupation of the organic chemist. New reagents which carry out chemical transformations i n a predictable and controllable fashion a r e valuable contributions t o the repertoire of tools available t o the practitioner of organic chemistry.
family of boron-based reagents primarily f o r application t o chemical transformations involving the cleavage of a carbon-oxygen bond. W e were particularly interested in solving the problem of regioselective cleavage of cyclic ethers a t the l e a s t hindered carbon-oxygen bond (Scheme 1 ) . W e examined a number of known reagents for t h i s transformation, including TMSI ( r e f . I ) , PhSSiMe /Zn12 ( r e f . 2 ) , BBr3 ( r e f . 3) and PhSH/AlC13 ( r e f . 4) b u t obtained low y i e l d s or unsatisfactory product mixtures.
Recently, we have directed our e f f o r t s towards the development of a 
OSit-BDP OSi t -BDP
W e therefore s e t about t o find a new reagent which would carry o u t t h i s transformation i n a mild and regioselective fashion. halides might be the reagents of choice. They would offer the advantage of a defined and unique reactive halide species present a t any time during the course of the reaction. Furthermore, the r e a c t i v i t y of the Lewis acid could be controlled b o t h s t e r i c a l l y and electronically by modifying the remaining 1 igands on boron.
we examined dialkyl-and diarylboron halides, i n particular dimethylboron bromide (MezBBr), diphenylboron bromide (PhpBBr) and 9-borabicyclo[3.3.1]nonyl bromide (9-BBN-Br). As a r e s u l t of our investigations, we found dimethylboron bromide t o be an excellent reagent for the cleavage o f cyclic ethers ( r e f . 5, 6) . W e then s e t about t o explore other synthetic transformations t o which t h i s reagent could be applied. The following report describes the r e s u l t s of these studies and will i l l u s t r a t e three areas of potential application of monofunctional boron ha1 ide reagents ( p a r t i c u l a r l y Me2BBr): 1. The transformation of functional groups; 2. a new synthetic sequence for acyclic asymmetric induction; and 3. as a probe f o r mechanistic studies.
From the outset we considered t h a t mono-functional boron
Based on these considerations
I . TRANSFORMATION OF FUNCTIONAL GROUPS
W e have studied the r e a c t i v i t y of disubstituted boron bromide reagents towards a variety of functional groups, i n p a r t i c u l a r , e t h e r s , a c e t a l s , ketals and sulfoxides. W e f i r s t considered the regeneration of an alcohol from i t s methyl ether ( r e f . 5 ) . In t h i s context, i t i s of prime importance t o increase the tendancy of the reagent t o react via an S 2 mechanism. Boron halide reagents such as BBr3, Ph2BBr, and 9-BBN-Br were found t o be of r i t t l e use in t h i s respect because of t h e i r apparent tendancy t o cleave ethers by an sN1 process. I n contrast, Me2BBr reacts with primary, secondary and aryl methyl ethers as well as benzyl ethers t o regenerate the parent alcohol in good t o excellent yield (Scheme 2 ) . Aryl methyl ethers, however, require elevated temperatures t o react. The t e r t i a r y methyl ethers we examined generated the corresponding t e r t i a r y bromides. I t i s important t o note t h a t other functionality such as benzoates, a c e t a t e s , alcohols, ethyl esters and E -b u t y l d i p h e n y ls i l y l ethers a r e recovered unchanged under the reaction conditions. Acetals and ketals react with Me2BBr and Ph2BBr (Scheme 3 ) . Cyclic and acylic a c e t a l s and k e t a l s react with e i t h e r reagent a t -78°C t o generate the parent aldehydes and ketones in excellent yield ( r e f . 7 ) . Primary, secondary, and t e r t i a r y methoxymethyl ( M O M ) , methoxyethoxymethyl ( M E M ) , and methylthiomethyl(MTM) ethers react a t -78°C within 1 h t o give, a f t e r aqueous work-up, the corresponding alcohol ( r e f . 7,8). I t i s interesting t o note t h a t t e r t i a r y MOM ethers cleanly regenerate the parent alcohol without the formation o f bromides or elimination products. reagent. Tetrahydropyranyl (THP) and tetrahydrofuranyl (THF) ethers are converted t o the corresponding alcohols by MeZBBr a t room temperature ( r e f . 7 ) , although the acetal i s cleaved a t -78°C (see section 111).
This provides a s t r i k i n g demonstration of the mildness of the 
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These reactions have been shown t o proceed via a-bromo ether intermediates (Scheme 4 ) . I t i s possible t o t r a p these intermediates with nucleophiles such as thiol or cyanide ( r e f . 9 ) .
Thus the two s t e p sequence of treatment with Me2BBr followed by a nucleophile provides a means of interconverting functional groups. An example of the u t i l i t y of t h i s sequence i s the conversion o f a readily prepared MOM ether into a MTM ether. 
Y=CN
Treatment o f an acetonide w i t h Me2BBr g i v e s t h e p a r e n t d i o l i n h i g h y i e l d ( r e f . 7 ) . c o n t r a s t , under s i m i l a r r e a c t i o n c o n d i t i o n s , b e n z y l i d e n e a c e t a l s a r e recovered unchanged. These r e a c t i o n s p r o b a b l y proceed v i a i n t e r m e d i a t e s (1) where one o f t h e h y d r o x y l groups i s i n t h e form o f a b o r i n a t e e s t e r and t h e o t h e r , an a-6romo e t h e r (Scheme 5 ) .
I n o r i n a t e e s t e r i s f a s t e r than h y d r o l y s i s o f t h e a-bromo e t h e r , t h e i n t e r m e d i a t e hydroxy bromo e t h e r can r e c y c l i s e and r e g e n e r a t e s t a r t i n g m a t e r i a l , T h i s process would account f o r t h e apparent u n r e a c t i v i t y o f t h e benyzlidene a c e t a l s under t h e usual r e a c t i o n c o n d i t i o n s . Evidence f o r t h e presence o f t h e p u t a t i v e i n t e r m e d i a t e (1) was o b t a i n e d by quenching experiments u s i n g t h i o p h e n o l as n u c l e o p h i l e (Scheme 6 ) . 0,s-acetals i n e x c e l l e n t y i e l d . i n -f a c t r e a c t w i t h d i s u b s t i t u t e d boron bromides a t -7 8 O C . prompted us t o e x p l o r e t h e r e d u c t i v e cleavage o f b e n z y l i d e n e a c e t a l s u s i n g R2BBr reagents i n c o n j u n c t i o n w i t h r e d u c i n g agents. 2) i-PrzNEt, PhSH groups d u r i n g t h e s y n t h e t i c m a n i p u l a t i o n o f carbohydrates makes t h i s t r a n s f o r m a t i o n o f cons i d e r a b l e p o t e n t i a l u t i l i t y . As i s i l l u s t r a t e d i n Scheme 7, t r e a t m e n t o f g l y c o s i d e b e n z y l idene a c e t a l s w i t h a v a r i e t y o f d i s u b s t i t u t e d boron bromides f o l l o w e d by BH3-THF generates 4-0-benzyl-6-hydroxypyranosides i n e x c e l l e n t y i e l d . S t e r i c a l l y encumbered boron h a l i d e s o p r i m i z e t h e r e g i o s e l e c t i v e complexation o f boron t o t h e l e a s t hindered oxygen atom and a r e t h e r e f o r e t h e reagents o f choice f o r t h i s process. The oxygenophil i c i t y o f these d i s u b s t i t u t e d boron bromide reagents can a1 so be e x p l o i t e d f o r t h e m i l d r e d u c t i o n o f sulfoxides. Dimethylboron bromide and 9-BBN-Br w i l l r a p i d l y and smoothly deoxygenate d i a l k y l , a r y l a l k y l , and d i a r y 1 s u l f o x i d e s , i n t h e presence o f propene ( r e f . 10).
I n summary, a v a r i e t y o f s y n t h e t i c transformations can be accomplished using mono-functional boron h a l i d e reagents. Most o f our work has focussed on Me BBr because: a) our i n i t i a l i n v e s t i g a t i o n s i n t o ether cleavage r e a c t i o n s i n d i c a t e d Me2BEr t o be superior t o other boron h a l i d e s because o f i t s tendancy t o r e a c t v i a an SN2 process and b) t h e p u r i f i c a t i o n o f
products from r e a c t i o n s i n v o l v i n g MezBBr i s f a c i l i t a t e d by t h e v o l a t i l i t y o f the Me2B-cont a i n i n g bi-products. f u n c t i o n a l groups according t o t h e i r r e a c t i v i t y towards MepBBr (Table 1) .
As a r e s u l t o f our studies, we can rank various oxygen c o n t a i n i n g Table 1 . R e a c t i v i t y towards Me2BBr 
As the r e a c t i v i t y t a b l e suggests, Me BBr i s indeed a chemoselective reagent. I t i s p o s s i b l e t o manipulate t h e more r e a c t i v e f u n c f i o n a l i t i e s (dimethyl acetal, MOM e t h e r ) i n t h e presence o f l e s s r e a c t i v e groups (such as THP, methyl or benzyl ethers). The w e l l characterized chemoselectivity o f t h i s reagent permits confident p r e d i c t i o n o f which f u n c t i o n a l i t y i n a p o l y f u n c t i o n a l substrate w i l l be a f f e c t e d a t a given temperature. This p r o p e r t y makes dimethylboron bromide an extremely valuable t o o l f o r t h e s y n t h e t i c organic chemist.
II. A NEW SEQUENCE FOR ACYCLIC ASSYMETRIC INDUCTION
We have r e c e n t l y developed a s y n t h e t i c sequence which r e s u l t s i n the t r a n s f o r m a t i o n o f a l l yl i c o r h o m o a l l y l i c c h i r a l substrates i n t o a c y l i c products bearing two new stereogenic cent e r s . Two key steps a r e involved i n t h i s process: 1. The preparation o f o p t i c a l l y a c t i v e , unsymmetrical tetrahydrofurans using an i o d o e t h e r i f i c a t i o n r e a c t i o n and 2. S e l e c t i v e cleavage o f the r e s u l t i n g h e t e r o c y c l e t o generate t h e desired a c y c l i c product. i o d o e t h e r i f i c a t i o n s t e p w i l l be discussed i n d e t a i l elsewhere ( r e f . l l ) , two examples are shown i n Scheme 8. A l l y l i c alcohol 2 r e a c t s under t h e i n d i c a t e d conditions t o g i v e e x c l u s i v e l y t h e cis-2,3-d i s u b s t i t u t e d teTrahydrofuran 3 i n e x c e l l e n t y i e l d . t u r e o f 2,4-disubstituted products i n a 4 : l r a t i o f a v o u r i n g t h e t r a n s i s o t e r . Compound 5 has been elaborated i n t o t h e l a c t o n e p o r t i o n o f m e v i n o l i n o r compactin ( r e f . 12) and then a t u r a l product (IR, 3R, 55) -1,3-dimet hyl-2 , 9-di oxa b i cyclo[3.3. llnonane ( r e f . 13) .
Homoallylic a l c o h o l 4 g e n e r z s a mix-The second p a r t of the process , namely t h e r e g i o s e l e c t i v e opening o f tetrahydrofurans was made p o s s i b l e through t h e development o f Me2BBr. We have s t u d i e d t h e r e g i o c o n t r o l l e d openi n g o f unsymmetrical 2 -s u b s t i t u t e d tetrahydrofuran d e r i v a t i v e s by Me2BBr and have e s t a b l i s hed t h e r e l a t i v e importance o f various f a c t o r s which impact on t h e r e g i o s e l e c t i v i t y ( r e f . 6 ) .
Greater r e g i o s e l e c t i v i t y was seen i n t h e cleavage o f 2-substituted tetrahydrofurans from the l e a s t hindered side, when t h e s u b s t i t u e n t a t p o s i t i o n 2 increased i n size. This i s i l l u st r a t e d i n Scheme 9. We have a l s o noted t h a t increased s e l e c t i v i t y can be achieved through t h e p a r t i c i p a t i o n o f remote f u n c t i o n a l i t y on t h e s i d e chain (anchimeric e f f e c t s ) . r e s u l t s are summarized i n Scheme 10. Complete r e g i o s e l e c t i v e opening was observed ( e n t r y 2) when t h e formation o f a s i x membered r i n g complex i n v o l v i n g t h e Lewis a c i d and f u n c t i o n a l i t y on t h e s i d e chain (a methoxy group) was p o s s i b l e (Scheme 10, s t r u c t u r e 6). The l e n g t h o f t h e chain bearing t h e methoxy gr.oup s i g n i f i c a n t l y a f f e c t We have applied t h i s sequence t o t h e synthesis o f (+)-exo-brevicomin, a p r i n c i p a l sex a t t r a c t a n t i n t h e female western p i n e b e e t l e ( r e f . 1 4 ) T f h e synthesis s t a r t e d w i t h R-malic a c i d ( L ) which was converted by a s t r a i g h t f o r w a r d s e r i e s o f r e a c t i o n s i n t o a l l y l i c alcohol 8. j ) (MeO) 3CH, BF3. Et20 ,To1 uene (96%) ; k)n-Bu4NF ,THF (75%) ; 1 )Me2BBr (2.1 e q .) ,Et3N( 0.1 eq.) ,
e d t h e r e g i o s e l e c t i v i t y o f the r i n g opening ( e n t r i e s 1 and 3). Thus the e x t e n t o f r e g i o c o n t r o l observed i n t h e opening o f tetrahydrofurans i s a f f e c t e d by both s t e r i c considerations and t h e p a r t i c i p a t i o n o f remote f u n c t i o n a l i t y (anchimeric e f f e c t s ) .
-5"C+R.T. (67%).
Ill. DIMETHYLBORON BROMIDE AS A PROBE FOR MECHANISTIC STUDIES
O c c a s i o n a l l y a new s y n t h e t i c reagent p r o v i d e s new i n s i g h t i n t o a p r e v i o u s l y s t u d i e d process, We found t h i s t o be t h e case d u r i n g t h e course o f our s t u d i e s o f t h e r e a c t i o n o f Me2BBr w i t h THP and THF e t h e r s ( r e f . 15,16). We had p r e v i o u s l y n o t e d t h a t w h i l e most s i m p l e a c e t a l s and k e t a l s ( i n c l u d i n g MEM, MOM and MTM e t h e r s ) were cleaved e f f i c i e n t l y a t -78"C, t e t r a h y d r op y r a n y l (THP) and t e t r a h y d r o f u r a n y l (THF) e t h e r s r e q u i r e d more f o r c i n g c o n d i t i o n s 8-24 h a t room temperature) t o r e g e n e r a t e t h e p a r e n t a l c o h o l ( r e f . 7 ) . r e a c t i v i t y between t h e s e classes o f a c e t a l s l e d us t o re-examine t h e s e r e a c t i o n s by H NMR. When we t r e a t e d a s i m p l e THP e t h e r w i t h Me2BBr i n CD2C1 a t -78OC, we were s u r p r i s e d t o observe i n s t a n t and complete conversion t o an a-bromo e t h e r i n t e r m e d i a t e . ever, was t h a t r e s u l t i n g from s e l e c t i v e cleavage o f t h e r i n g carbon-oxygen bond. a c y c l i c i n t e r m e d i a t e was r e l a t i v e l y s t a b l e a t low temperature, however, warming t o room temperature r e s u l t e d i n t h e slow conversion t o 2-bromotetrahydropyran (Scheme 12).
The unexpected d i f f e r e p c e i n
The product, how-T h i s R=t~.C12H25
These o b s e r v a t i o n s e x p l a i n e d t h e anomalously slow cleavage o f THP e t h e r s as judged by prod u c t i o n o f t h e p a r e n t a l c o h o l . I n f a c t , Me2B8r r e a c t s very q u i c k l y w i t h THP and THF e t h e r s as i t does w i t h o t h e r a c e t a l s and k e t a l s . The k i n e t i c product, however, i s t h a t r e s u l t i n g from s e l e c t i v e cleavage o f t h e r i n g carbon-oxygen bond. H y d r o l y s i s o f 14, w h i l e g i v i n g some o f t h e d e s i r e d a l c o h o l , a l s o regenerates s t a r t i n g m a t e r i a l by cleavage o f t h e boron-oxygen bond and r e c y c l i s a t i o n . W h i l e t h e r e e x i s t i n t h e l i t e r a t u r e i s o l a t e d examples o f Lewis a c i d s g e n e r a t i n g ring-opened products from THP e t h e r s ( r e f . 17), many more examples e x i s t where cleavage o f t h e e x o c y c l i c bond i s t h e favoured pathway. anomerization o f pyranosides, i n p a r t i c u l a r glycopyranosides has been s t u d i e d e x t e n s i v e l y and t h e evidence suggests t h a t these r e a c t i o n s proceed v i a cleavage o f t h e e x o c y c l i c carbonoxygen bond ( r e f . 18). Cleavage o f t h e e n d o c y c l i c bond i s n o t observed. W h i l e more d a t a w i l l have t o be c o l l e c t e d b e f o r e t h e unusual r e g i o s e l e c t i v i t y o f t h i s Me2BBr r e a c t i o n can be f u l l y e x p l a i n e d , we would l i k e t o propose t h a t i n n o n -p a r t i c i p a t i n g s o l v e n t s , cleavage o f t h e r i n g carbon-oxygen bond i s t h e k i n e t i c a l l y favoured process. The f a c t t h a t ring-opened products a r e n o t observed w i t h many o t h e r Lewis or Bronstead a c i d s may r e f l e c t t h e i n s t a b il i t y o f t h e ring-opened i n t e r m e d i a t e s (Scheme 13). W i t h an a c i d reagent represented by t h e
f o r m u l a A-X, where A i s , f o r example, a p r o t o n o r TMS group, r e c y c l i s a t i o n o f t h e r i n gopened i n t e r m e d i a t e m i g h t be f a s t , so t h a t o n l y t h e thermodynamic ( c y c l i c ) p r o d u c t i s observed. When A i s Me2B, t h e d e a c t i v a t i n g n a t u r e o f t h e boron-oxygen bond slows t h e r e c y c l i s a t i o n down c o n s i d e r a b l y so t h a t t h e k i n e t i c (ring-opened) p r o d u c t can be observed.
Scheme 13
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A-0 We have extended t h i s r e a c t i o n t o more complex s u b s t r a t e s i n c l u d i n g g l y c o s i d e s (Table 3) ( r e f . 16). W i t h t h e more r e a c t i v e 2-deoxyglucopyranosides good y i e l d s o f ring-opened products can be o b t a i n e d w i t h a v a r i e t y o f n u c l e o p h i l e s when t h e r e a c t i o n i s performed a t -78OC ( T a b l e 3, e n t r i e s 1-4). The corresponding glucopyranoside and x y l o p y r a n o s i d e d e r i v a ti v e s (Table 3 , e n t r i e s 5,6) were l e s s r e a c t i v e and gave low y i e l d s a t -78°C b u t s y n t h e t i c a ll y u s e f u l y i e l d s when t h e r e a c t i o n was performed a t -45°C. W i t h t h e s e l e s s r e a c t i v e subst r a t e s , we a l s o noted d i f f e r e n c e s i n r e a c t i v i t y between t h e a-and B-anomers. G e n e r a l l y t h e B-anomers were more r e a c t i v e than t h e corresponding a-anomers. Table 3 Ring opening of methyl D-glycopyranosides using Me2BBr 
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We have e x p l o i t e d t h i s o b s e r v a t i o n s y n t h e t i c a l l y , by t r a p p i n g these ring-opened a-bromo e t h e r i n t e r m e d i a t e s w i t h v a r i o u s n u c l e o p h i l e s , t o generate s t a b l e ring-opened products (Table E ) ( r e f . 15). A wide v a r i e t y o f n u c l e o p h i l e s may be used i n c l u d i n g t h i o l s s t e r i c a l l y h i n d e r e d a l c o h o l s , cyanide, h y d r i d e reagents and a number o f o r g a n o m e t a l l i c species ( a l k y ll i t h i u m , G r i g n a r d and c u p r a t e r e a g e n t s ) .
A N O M E R I C ENTRY S U B S T R A T E C O N F I G U R A T I O N TEMPERATURE NUCLEOPHILE
c ) ISOLATED YIELDS OF PURIFIED PRODUCTS. e ) IDENTICAL PRODUCT MIXTURES WERE OBTAINED FROM BOTH ANOMERS d) THE PRODUCT WAS A MIXTURE O F DIASTEREOMERS. f ) THE SUBSTRATE (14) CONTAINED
17% OF THE a-ANOMER ( l a ) . 9) NO &,&-DIISOPROPYL-ETHYLAM~NE W A S USED.
W e previously suggested t h a t our observations on the s e l e c t i v e endocycl i c carbon-oxygen bond cleavage and the differences in r e a c t i v i t y between a-and 8-anomers could best be rationalised based on stereoelectronic considerations ( r e f . 16). Since complexation of Me BBr t o one of the acetal oxygen atoms activates the corresponding carbon-oxygen bond t o cfeavage, the r e l a t i v e b a s i c i t i e s of the oxygen atoms should a f f e c t both the r a t e and regioselectivity of the cleavage process. The r e l a t i v e b a s i c i t i e s of the ring vs exocyclic oxygen atoms are affected by t h e i r participation in the endo-and exo-anomeric e f f e c t s respectively ( r e f . 19). Consideration of these e f f e c t s (Fig. 1) shows that of the four acetal oxygen atoms, only the ring oxygen of the 8-anomer does not p a r t i c i p a t e in an anomeric e f f e c t . The greater r e a c t i v i t y we observe f o r the 5-anomer could therefore be a consequence of i t s greater basicity.
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Stereoelectronic factors could a l s o be responsible for our observation t h a t the only i s o l a ted products were those r e s u l t i n g from selective cleavage of the ring carbon-oxygen bond. In the case of the 8-anomer, n o t only should the ring oxygen be the most basic, b u t a l s o , cleavage of the ring carbon-oxygen bond can occur with stereoelectronic assistance from the exocyclic oxygen atom. If stereoelectronic assistance i s an important factor in t h i s process, then endocyclic bond cleavage i s the only pathway favoured for the 8-anomer reacting o u t of i t s ground-state conformation. In the a-anomer, on the other hand, b o t h carbon-oxygen bonds can be cleaved with stereoelectronic assistance so we expected t o observe products resulting from cleavage of both bonds. Even with the a-anomer, however, s e l e c t i v e cleavage of the endocyclic bond was observed. W e propose three possible explanations for t h i s . One p o s s i b i l i t y i s t h a t the exocyclic oxygen of the a-anomer being a x i a l l y orientated, may be more s t e r i c a l l y hindered than the ring oxygen. As a r e s u l t , complexation of Me2BBr a t the ring oxygen followed by cleavage of the ring carbon-oxygen bond may be favoured for s t e r i c reasons. A second p o s s i b i l i t y i s that the a-anomer might be reacting out of a non-grounds t a t e conformation such as twist boat where, 1 ike the B-anomer , stereoelectronic assistance in the cleavage of the exocyclic bond i s not possible. A third p o s s i b i l i t y i s t h a t the exoanomeric e f f e c t i s i n f a c t stronger than the endo-anomeric e f f e c t and thereby favours formation of the ring-opened product.
Recently, we have studied the MegBBr reaction with a number of substituted THP ether subs t r a t e s which generate e i t h e r ring-opened or ring-closed products depending on the configuration of the anomeric center. Two examples are shown in Scheme 14. W e find t h a t substituted THP ethers with bulky groups adjacent t o the ring oxygen generate the expected ring-opened products from the B-anomer, b u t ring-closed products from the a-anomer. W e feel that these r e s u l t s strongly support our suggestion t h a t stereoelectronic assistance i s indeed an important factor in the carbon-oxygen bond cleavage process. In the a-anomer, e i t h e r the endo-or exocyclic carbon-oxygen bond can be cleaved with stereoelectronic assistance (Fig. 1 ) . When the side chain X-group i s small (e.g. OMe, see Table 3 ), complexation of the Me2BBr occurs a t the ring oxygen and r e s u l t s in s e l e c t i v e cleavage of the ring carbon-oxygen bond (for reasons described previously).
acetate or S -x -b u t y l , complexation of the Lewis acid a t the ring oxygen appears t o be disfavoured, possibly f o r s t e r i c reasons. Consequently, complexation of Me2BBr occurs a t the exocyclic oxygen t o generate cyclic products. In contrast, for the B-anomer, only cleavage of the endocyclic carbon-oxygen bond can occur w i t h stereoelectronic assistance. Even when the side chain X-group i s large and complexation of Me BBr a t the ring oxygen i s disfavoured, endocycl i c carbon-oxygen bond cleavage is observed gecause only t h i s pathway can proceed w i t h stereoelectronic assistance.
We have recently studied furanoside substrates i n the Me2BBr reaction and our preliminary observations suggest that they react in a fashion analogous t o the pyranosides (Scheme 15).
When X i s a large group such as 
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I n summary, MezBBr r e a c t s w i t h THP and THF ethers ( i n c l u d i n g glycosides) t o generate a-bromo e t h e r intermediates r e s u l t i n g from s e l e c t i v e cleavage o f the r i n g carbon-oxygen bond. These intermediates can be trapped w i t h a v a r i e t y o f nucleophiles t o generate s t a b l e ring-opened products. M e c h a n i s t i c a l l y , our r e s u l t s suggest: a) t h a t s t e r e o e l e c t r o n i c f a c t o r s are indeed important i n t h e cleavage o f THP ethers; and b) t h a t cleavage o f the endocyclic carbonoxygen bond may be t h e k i n e t i c a l l y favoured process. This i s i n s t r i k i n g c o n t r a s t w i t h t h e accepted mechanism f o r t h e acid-catalysed h y d r o l y s i s o f pyranosides ( r e f . 18). Our r e s u l t s may f i n d some support, however, i n a recent p u b l i c a t i o n by Gupta and Franck ( r e f . 20). These authors reported d i r e c t experimental evidence f o r t h e cleavage o f both endo-and e x o c y c l i c carbon-oxygen bonds i n t h e acid-catalyzed cleavage o f THP ethers.
CONCLUSION
The preparation of monofunctional d e r i v a t i v e s o f c l a s s i c a l Lewis acids o f f e r s an i n t e r e s t i n g approach t o t h e development o f new reagents w i t h a more defined r e a c t i v i t y p r o f i l e . We have taken t h i s approach i n our use o f d i a l k y l -and d i a r y l b o r o n bromides ( i n p a r t i c u l a r Me2BBr) as reagents f o r organic synthesis. Dimethylboron bromide i s an e x c e l l e n t reagent f o r a v a r i e t y o f chemical transformations. We have shown here t h r e e areas where we have applied t h e reagent: 1. The t r a n s f o r m a t i o n o f f u n c t i o n a l groups, p a r t i c u l a r l y , t h e cleavage o f oxygen-based p r o t e c t i n g groups; 2. as p a r t o f a new sequence f o r a c y c l i c asymmetric i n d u c t i o n and; 3. as a probe f o r s t e r e o e l e c t r o n i c c o n t r o l i n t h e cleavage o f THP ethers.
Dimethylboron bromide can be purchased as a neat l i q u i d from t h e Alpha D i v i s i o n o f Ventron Corporation o r from A l d r i c h Chemical Company. A l t e r n a t i v e l y , i t can be prepared very simply from t e t r a m e t h y l t i n and boron t r i b o m i d e using t h e procedure o f Noth and Vahrenkamp ( r e f . 2 1 ) . I t should be noted t h a t neat dimethylboron bromide i s pyrophoric when exposed t o moist a i r , so a p p r o p r i a t e c a r e should be taken i n i t s h a n d l i n . We have found i t convenient t o make up s o l u t i o n s o f the reagent i n d r y CH2C12 o r ClCH2 H2C1. These s o l u t i o n s can be s t o r e d a t -15°C f o r several months w i t h o u t n o t i c e a b l e decomposition and can be handled safel y and conveniently u s i n g standard syringe techniques.
